values. Eight-three adults with symptomatic knee OA completed the study (84% female; mean age 71.6 ± 8.0 years; mean BMI 29.0 ± 7.0 kg/m 2 ). Retention rate was 82%. Compared to the ASE group at 8 weeks, participants in the HY group had a significant improvement from baseline in perception of OA symptoms (−9.6 [95% CI −15.3, −4]; p = .001), anxiety (−1.4 [95% CI −2.7, −0]; p = .04), and fear of falling (−4.6 [−7.5, −1.7]; p = .002). There were no differences in class/home practice adherence between HY and ASE. Three non-serious adverse events were reported from the ASE group. Both HY and ASE improved symptoms and function but HY may have superior benefits for older adults with knee OA.
Introduction
Osteoarthritis (OA) is a chronic degenerative musculoskeletal condition that affects many older adults worldwide [1] . In the United States, 33.6% (12.4 million) of individuals age 65 years and older are affected by OA, and projections suggest that this number will increase to be 67 million by 2030 [2] . OA is the primary reason for pain, limited range of motion, and loss of joint movement in older adults. The most commonly affected joint is the knee [3] . Symptomatic knee OA is associated with anxiety [4] , fear of falling and falls [5] , and impaired quality of life [6] .
Because OA is a chronic condition that has no effective cure, self-management is essential. Recent practice Abstract Although exercise is often recommended for managing osteoarthritis (OA), limited evidence-based exercise options are available for older adults with OA. This study compared the effects of Hatha yoga (HY) and aerobic/strengthening exercises (ASE) on knee OA. Randomized controlled trial with three arms design was used: HY, ASE, and education control. Both HY and ASE groups involved 8 weekly 45-min group classes with 2-4 days/ week home practice sessions. Control group received OA education brochures and weekly phone calls from study staff. Standardized instruments were used to measure OA symptoms, physical function, mood, spiritual health, fear of falling, and quality of life at baseline, 4 and 8 weeks. HY/ASE adherences were assessed weekly using class attendance records and home practice video recordings. Primary analysis of the difference in the change from baseline was based on intent-to-treat and adjusted for baseline guidelines recognize that exercise is a key element of any treatment program for OA [7] . It is recommended that engaging in moderate physical activity at least three times per week can reduce the risk of arthritis-related disability by 47% [8] . Although there is increasing evidence in the literature for the beneficial effects of exercise for managing OA [9] , the evidence on comparative effectiveness of different types of exercise, including exercise adherence and satisfaction in older adults with knee OA, is limited.
A multidisciplinary guideline development group recommended "prescription of both general (aerobic fitness training) and local (strengthening) exercises as a core aspect of management for every patient with hip or knee OA" [10] . Systematic reviews have evaluated the efficacy of aerobic [11] and strengthening [12] exercises in people with OA at predominately the knee joint and found that both types of exercise programs improve strength, pain, joint tenderness, and physical function. Yoga has been used clinically as a therapeutic intervention for improving strength, posture, balance, and flexibility in older adults [13, 14] and is currently one of the fitness programs recommended by the Arthritis Foundation for individuals with arthritis in general. However, relatively little robust research has been conducted on yoga in the OA population compared to other types of exercise. A recent focused review evaluating the effectiveness and safety of yoga for knee OA identified only three randomized controlled trials [15] . Results from this review revealed that yoga improves OA symptoms and that it can be practiced safely without supervision at home.
There are relatively few head-to-head comparisons of different exercise modalities in older adults with OA. It is unclear how yoga compares to the current recommended exercise interventions. Research shows that exercise nonadherence is a common problem especially among older exercisers [16] due to poor health and mobility limitations [17] . It is unclear if a yoga program that is tailored for managing knee OA will have a better adherence rate than a traditional exercise program. Hatha yoga (HA) is the physical form of yoga that can theoretically reduce pain and stiffness associated with OA by realigning the skeletal structure, strengthening muscles around the joints, and stretching tight joint structures [18] . Its mindful, meditative way of combining breathing with stretching exercises provides the relaxation benefits and reduces the activity of the stress system that may help decrease pain sensitivity and induce analgesic effects [19] . The aims of this pilot study were to: (1) evaluate the effects of an 8-week HA program, a lowimpact aerobics and strengthening exercises (ASE), and an education attention control intervention on OA-related symptoms in older adults, and (2) determine the difference in adherence to both group-based and home-base sessions as well as satisfaction between the two intervention programs. We hypothesized that participants in the HA group would demonstrate greater improvement in OA-related symptoms than participants in the ASE program and the education control intervention.
Methods

Design
This study employed a parallel randomized controlled trial design with three arms: HY, ASE, and an education attention control group. As an incentive, participants in the control group received a free yoga for OA intervention session at the end of the study. Data on OA-related outcomes were collected at baseline, 4 weeks, and 8 weeks post-randomization.
Sample
Recruitment of participants was conducted in two waves. The first wave was to pilot the study design and intervention strategies in a small number of participants. The inclusion criteria were: (1) community-dwelling adults aged 60 years or over; (2) have a self-reported medical diagnosis of symptomatic OA of knee for at least 6 months; (3) have not practiced any form of yoga for 2 months because physiological changes induced by regular exercise training are generally lost after 4-8 weeks of detraining [20, 21] ; and (4) not currently participating in a supervised exercise program more than two times a week.
Additional exclusion criteria included: symptoms of joint locking to a degree that affects the individual's balance and makes participating in a group exercise program unsafe; chronic use of assistive devices; corticosteroid injections within 3 months of study entry; hyaluronic acid injection within 6 months of study start date; history of knee surgery within the last 2 years; knee joint replacement; self-reported comorbidities including uncontrolled hypertension, unstable heart conditions, or comorbidities with overlapping symptoms (i.e., rheumatoid arthritis). Because additional funding was obtained to expand the size and duration of the study, a second wave of recruitment occurred with the same recruitment protocol except only women were recruited because it was the primary focus of the funding agency. Participants were recruited through OA-related presentations at various community and senior centers, senior programs, flyers, press releases, and community newsletters. No important changes were made to methods after trial commencement.
Potential participants were initially screened by trained research assistant (RA) over the telephone. Those who met the initial eligibility requirements were invited for a second-step screening. A second-step screening was conducted face-to-face with a trained RA to assess the presence of symptomatic knee OA using the Clinical Criteria for the Classification of Idiopathic OA of the Knee developed by the American College of Rheumatology [22] . Population based studies suggest that 30-50% of individuals with moderate to severe radiographic changes of OA are asymptomatic, and approximately 10% of individuals with moderate to severe knee pain have normal radiographic reports [23, 24] . Because the focus of this study was on symptom management, therefore individuals with symptomatic knee OA with or without an official OA diagnosis were recruited. Potential participants were excluded if they had cognitive impairment (scored less than 8 in the Short Portable Mental Status Questionnaire) [25] , unstable health conditions (answered any "yes" in the Exercise Assessment and Screening for You tool) [26] , treatment that may alter their OA symptoms, or functional limitations that may make exercise unsafe. All data were collected at a community center or senior housing complex where the cohort's intervention classes were held.
Randomization was conducted by the principal investigator using a simple randomization method. The process involved randomizing participants utilizing an online software program (www.random.org) that generates random numbers. Each participant's group assignment was placed in a sealed envelope and distributed to the participant by the principal investigator after the baseline data were collected by blinded RAs.
Intervention
Intervention classes were held in a large metropolitan area in the Upper Midwest. The HY program was designed by a group of expert yoga teachers and was composed of one 45-min class per week for eight weeks and additional 30 min/day, four times/week of yoga practice at home during the intervention period. Sessions included poses in the seated, supine, prone, and standing positions; breathing exercises, and relaxation/mindfulness training. Key yoga poses included "easy" seated pose, reclining bound angle, half locust variation, head to knee pose, bridge, standing forward fold, chair pose, mountain pose, warrior I and II, tree pose variation, reclining hamstring stretch with hip opener with strap, reclining twist, and relaxation pose. A progressive series of poses with props such as yoga mats, blocks, straps, blankets, and chairs were used during class, and poses were modified when needed based on the participants' physical abilities to increase confidence and the ability to remain in the pose and achieve benefits. Each class consisted of approximately 8-10 yoga poses with a 2-3 new, variable poses were introduced at each session. A registered yoga instructor who was experienced in working with older adults with functional limitations taught all HY classes.
The ASE program consisted of eight weekly groupbased classes that involved 15 min of mild aerobic exercise that served as a full body warm up, and 30 min of strengthening exercises including both isometric (without moving the joints) and isotonic (moving the joints) exercises. Additionally, participants were asked to practice the aerobic portion of the program for 15-30 min/day, four times/week, and the strengthening exercise 30 min/day, two times/week on non-consecutive days at home. The ASE program was progressive in nature. It was based on the current Arthritis Foundation recommendations and taught by a certified arthritis exercise instructor who taught all the ASE classes. Specific types of ASE included head rotations, shoulder flexion/extension, torso 360° rotation (circles in both direction), shoulder circles, marching in place, heel and toe raises, overhead arm reaches, side bends, torso twist (gentle 30°), seated side steps alternating sides, and ankle circles. Props such as elastic bands and chairs were used during the class.
Extra measures were taken to provide a safe and acceptable environment for both HY and ASE groups: (a) a small class size (n ≤ 10 participants/class) and programs specifically designed for older adults with knee OA, (b) each participant was provided a tool (yoga mat for the HY group, elastic band for the ASE group) for use in group-based classes and home practices; (c) home practice handouts with pictures and written instruction were distributed after each class; and (d) the intervention sites were conveniently located in the metropolitan areas with adequate parking space to allow easy access.
Participants in the education group received preprinted education brochures from the Arthritis Foundation on how to manage OA pain, and physical activity and exercise for OA. Each participant in the control group received weekly telephone calls from a RA during the 8-week intervention period. They were asked about their OA symptoms and general health status.
Measures
Demographic and health information were collected from all participants at baseline. Standardized instruments that were validated in older and/or OA populations were used for collecting outcome data at baseline, 4 weeks and at 8 weeks. These instruments took approximately 20-30 min to complete.
Primary outcome measure
OA symptoms including pain, stiffness, and physical function were measured using the 24-item Western Ontario and McMaster Universities OA Index scale (LK scale 3.1) (WOMAC) [27] . Each symptom is measured using a 1 3 5-point Likert scale where 0 represents having no symptom and 4 represents having a severe symptom. OA pain was also measured using the Visual Analog Scale, and a single question that asked participants to record the average number of pain medications (prescription and over-the-counter) they used for knee OA per day.
Secondary outcome measures
Physical performance of the lower extremities was assessed using the Short Physical Performance Battery (SPPB) [28] which consists of three components: repeated chair stands, balance, and timed 8 foot walk. Categorical scores (range 0-4) for the 8 foot walk and chair stands were based on timed quartiles previously established in a large population. Walking speed was timed using the 50 foot walk test [29] .
Mood including anxiety and depression was measured using the Hospital Anxiety and Depression Scale (HADS) [30] . The tool is a 14-item self-report scale that consists of two subscales: 7 items on depression and 7 items on anxiety. The scale was designed to screen for mood disorders in general (non-psychiatric) medical outpatients.
Fear of Falling was assessed by the Fall Efficacy ScaleInternational [31] . It measures participants' level of concern about falling during social and physical activities inside and outside the home whether or not the person actually does the activity.
Spiritual health was assessed using the Self-Transcendence (SF) Scale [32] . SF refers to expanded self-boundaries and awareness [33] . A positive association was found between SF and positive coping factors for those suffering with chronic disease [34] .
Quality of life was assessed using the Short Form Health Survey; the SF-12 which measures both physical and mental component summary scales [35] . The SF-12 survey contains questions that assess limitations in role functioning as a result of physical and emotional health.
Program Satisfaction was assessed at the end of the 8-week intervention using an investigator-developed questionnaire. Participants were asked to rate their satisfaction through perceived enjoyment of class, the ease of class, and likelihood to recommend class to others using a 4-point Likert scale with "1" representing "not at all" and "4" representing "definitely."
Adherence to the intervention programs including both class attendance and frequency of home practice were evaluated using weekly class attendance records, home practice video recordings, and self-recorded yoga/exercise log sheets. Each participant in the HY and ASE groups were given a video camera with both written and verbal instructions at the beginning of the intervention program. No changes were made to the study outcomes after the trial commenced.
Data analysis
The primary objective of this study was to compare the change in self-reported OA symptoms among the HY, ASE and education control groups from baseline to 8 weeks. Data from a recent pilot study [36] indicated an overall SD of 16.5 for the total WOMAC and a correlation between time points of 0.6. The sample size of 30 per group was calculated to have 80% power to detect a difference in the change (slope) of 35% over time (change of 11.3 on the WOMAC total score) with Type I error set to 0.05 and using a repeated measures analysis of covariance (ANCOVA) controlling for baseline values.
Descriptive statistics were used to describe the main characteristics of the participants, frequency of home practice, and study retention. Data were collected from all participants who were enrolled in the study for intent-to-treat analysis, carrying forward the previous measurement if missing. ANOVA was used to analyze group differences at baseline in demographic information, health status, and outcome measures. To evaluate treatment differences, between HY versus ASE and HY versus control, means were adjusted by baseline values and contrasts with 95% confidence intervals were calculated. The p values were not adjusted for the multiple comparisons. Data were analyzed using SAS version 9.4 by a biostatistician who was blinded to the group assignment. If the calculated p value was less than 0.05, the result was considered to be statistically significant.
Study quality was monitored by two established researchers who served on the Data Safety and Monitoring Board (DSMB) at mid-point of the study. Progress reports including participant recruitment, retention/attrition with reasons for dropout from the study, and a summary of adverse events were sent to DSMB members for independent review.
Results
Recruitments took place from March to September 2013 for wave one and from April 2014 to November 2015 for wave two. A total of 265 potential participants were screened by telephone to determine initial eligibility. Of those, 113 (43%) were included in the second-step screening. Potential participants were excluded for a variety of reasons, the major ones being unable to commit the date/time or no medical diagnosis of OA in the knee. Among the people who completed the second-step screening, 83 (73%) participants were randomized into one of the three groups (Fig. 1) .
The characteristics of the randomized participants and group differences are shown in Table 1 . Age, OA pain level, and fear of falling were noted to be statistically different among the three groups at baseline. The uneven group sizes are due to the short funding period in wave one, and two of the intervention classes in wave two began before the ideal sample size was reached to avoid having classes during the extreme winter months. Therefore, less participants were randomized into the control group to maximize the sample size in both HY and ASE groups.
Dropout rates of participants among the three groups were: HY group (n = 4, 13%), ASE group (n = 5, 18%), and education control group (n = 1, 4%). One non-study related and two non-serious adverse events related to study participation were noted. All occurred among participants in the ASE group: one participant fell on ice and experienced back pain; one participant with a history of herniated disk had recurring low back pain; and a third participant developed leg pain half way through the program which may have been related to a preexisting condition of left patella femoral pain syndrome.
Effects of interventions on OA symptoms at 4 and 8 weeks
The primary outcome in this study was self-reported OA symptoms. Compared to participants in the ASE group at 8 weeks, participants in the HY group had greater symptom improvement (WOMAC total: −9. Table 2 ). The positive effects of HY on symptom perception based on the WOMAC total and subscales were demonstrated at 4 weeks and sustained at 8 weeks (Fig. 2) .
Effects of interventions on secondary outcomes at 8 weeks
The HY group took less time to complete the SPPB repeated chair stands (categorical score: .5 [95% CI .1, (Table 2) .
Exercise adherence
Class adherence
More than half of the participants in both group (HY: n = 20, 63% vs. ASE: n = 16, 57%) participated ≥50% of classes. There was no difference in class attendance between the two exercise groups (p = .67). 
Home practice adherence
The average number of minutes/week (HY: 79 ± 54 (0-278) vs. ASE: 56 ± 33 (0-126), p = .11) and the number of days/week (HY: 3 ± 1 (0-6) vs. ASE: 3 ± 1 (0-5), p = .28) were not significantly different.
Exercise satisfaction
No statistically significant differences in program satisfaction between the HY and ASE groups on enjoyment (p = .18), ease of use (p = .36), and recommendations of the program to others (p = .52).
Discussion
This is one of the first studies comparing the effectiveness of different types of exercise and education in the management of knee OA in older adults. While ASE have previously been shown to reduce pain and disability in subjects with symptomatic knee OA [10] , the results of this study indicate that participants in the 8-week HY intervention program had greater improvements in pain and selfreported function, lower extremity strength, anxiety, and fear of falling compared with those participating in the ASE and control groups. The positive effect of HY on measures of pain and selfreported function in this study confirmed previous findings in other yoga for OA studies [15] . The greater beneficial effect of yoga on OA symptoms than traditionally recommended ASE may be related its use of meditative practices and how they affect the perception of pain. Well-chosen yogic postures can strengthen muscles and correct posture; coupled with breathing and relaxation, yoga may help individuals deal with the reactive aspects of chronic pain. [37] During self-awareness-based meditation techniques, the person attempts to nurture the role of an observer and a detached witness of all subjective phenomena including pain [38] . Instead of being a victim of chronic pain, this practice may enable the person to take charge of their pain experience and change the perception of it [39] . Similar results with different kinds of meditative practices have also demonstrated improvement on pain states [40] . It is noteworthy that the physical function scores were not significantly different between the HY and ASE groups. This finding concurs with previous studies that found both interventions improve muscular strength, balance, coordination, joint range of motion, and reaction time [9, 41] . "Fear of falling" is highly prevalent among older adults. Research demonstrated that fear may contribute to the risk of falling in older adults [42] . The HY program included poses that required participants to get up and down from the floor. Yoga might have provided the participants not only the physical practice and skills but the confidence they need to reduce their level of concern about falling. People who think they have a low risk of falling may be more likely to engage in physical activity, and therefore, retain strength and prevent functional disability. In addition to poses, HY incorporates breathing and relaxation exercises in the practice, which may have contributed to the positive finding on anxiety. A meta-analysis investigating the effectiveness of yoga as a complementary treatment for psychiatric disorders found that yoga is a safe and effective option for lowering anxiety [43] .
It is noteworthy that at baseline, most participants scored positively on spiritual health and quality of life before the intervention began; therefore, ceiling effects might have contributed to the findings. In general, independent living older adults who volunteered to be in a research study may have a positive outlook in life [44] .
The differences in baseline characteristics could be contributed by the small sample size. Despite simple randomization's usefulness in mitigating selection bias and forming the basis for statistical analysis, it cannot avoid any imbalances in the distribution of key baseline covariates due to chance. In future clinical trials, using a larger sample size or a randomization method such as a covariate-adaptive randomization to help achieve covariate balance at baseline will decrease excess noise in clinical trial data to allow for maximal power of detecting the treatment effect in primary and secondary outcome analyses [45] .
Safety of exercise for individuals with preexisting health conditions including knee OA can be a concern, especially for those who are older. In this study, there were no exercise-related injuries with HY, whereas three participants in the ASE group experienced possible exercise-related injuries. Yoga is gentle and adaptable to accommodate the needs and limitations of older adults. It may be a safer exercise option for those who have functional limitations because of OA or other preexisting musculoskeletal conditions.
The dropout rates between the two intervention groups are not significantly different (13 vs. 18%). Both are lowered than the average dropout rate of 21% reported in a meta-analysis of 36 exercise studies that focused on the general adult population [46] . Although overall class participation met expectations, many participants in both groups did not adhere to the recommended exercise prescription during their home practice. Future research studies are needed to determine effective strategies to improve home-based exercise adherence in older adults with OA, and the optimal dose of home practice for sustaining therapeutic effects.
Limitations
There are several study limitations. First, the sample size is slightly below the expected level due to short funding period and weather. Nonetheless, significant findings in group comparisons were noted in symptom perception, physical performance, anxiety, and fear of falling. Second, because the majority of the sample was comprised of Caucasian and well-educated women, the homogenous sample limit the generalizability of findings. Third, participants are self-selected volunteers; they may be more active and motivated than the typical older adults with knee OA. Lastly, although using a video camera was an effective way to capture home HY/ASE practices and served as an objective measurement tool, it created subject burden and a learning curve that many participants experienced during the first 2 weeks of the program. Alternatively, the video camera might have impacted some of the participants positively and promoted their home practice adherence.
In conclusion, the results of this study suggest that an 8-week HY program is safe and effective in improving symptom perception in older adults with knee OA, and that it may have superior benefits than ASE and education alone on physical function of the lower extremities, anxiety, and fear of falling. These findings provide support for the Arthritis Foundation's recommendation for the use of yoga as an exercise intervention that could be incorporated as a part of a regular OA treatment program.
